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By H. HerbertJackson,Charles
and kO T. ChallViIl

B. Rumsey,
.

Free-flighttestshavebeen made to investigatethe totaldragand
base drag at differentReynoldsnunibersof full-scaleand half-scale
modelsof an NACA researchmodeldesignatedthe RM-10. The generalshafie
of the body was a parabolaof revolutionof finenessratio12.2with a
bluntbase to providespacefor the rocketjet. The modelswere stabi-
lizedby four 600 sweptbackfinsmountedat the base of the bodies.

The Mach numberrangeof the testswas approximately0.9 to 3.3.

The rangesof Reynoldsnuniber,based on body length,were from 14 x 106
6to 210 X 106 for the full-scalemodelsand 15 X 106 to 110 X 10 for the

half-scalemodels.

The resultsshowthattha totaldrag coefficientsfor bothmodels
reacheda maximumat transonicspeedand graduallydecreasedoverthe
entiresupersonicrange,whereasthe base dragswere a maximumat tran-
sonicspeedsand a minimumat aboutMach number1.2 for the supersonic
speedrange.

It is indicatedthatthere-was,at most, onlya smalleffecton the
totaldrag coefficientof the configurateion at a givenMach nuuiberdue

specificallyto reductionsin Reynoldsnumberof 20 x l& to 120 X 106

overthe Reynoldsnumberrangefrom 40 x 106 to 210 x 106. The base-
dragcoefficientof the half-scalemodeb W- 25 to 50 percent l-r .

%upersedesthe recentlydeclassi&iedNACARM L50G24,‘;FlightMeas-
urementsof Drag and BasePressureof a Fin-StabilizedParabolicBody of
Revolution(NACARM-10)at DifferentReynoldsNunibersand at Mach Numbers
From 0.9 to 3.3” -byH. HerbertJackson,CharlesB. Rumsey,and Leo T.
Chauvin,lg50.
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.

than that of the full-scalemodel. The differencein base-dragcoeffi-
cientwouldaccountfor practicallyall the differencein the totaldrag
coefficientof the two models;hence,there is smalleffectof Reynolds

,,

nmiberchangesat a givenMach numberon forebodydrag coefficientover
the Reynoldsnrmiberrangeof the tests. This smalleffectwouldbe
expectedfromthe presentknowledgeof skinfrictionin this Reynolds
nuniberrange. The differencein base-dragcoefficientwas possiblydue
to eitherthe differencein Reynoldsnumberat a givenMach numberor to
differencesin the internalbase configurationbetweenthe full-scaleand
half-scalemodels. Part of the decreasein total drag coefficientwith
increasingMach numberoverthe higherportionof the Mach nunlberrange
was doubtlessdue to the reductionof skin-frictioncoefficientwith
increasingMach nmiber.

.

INTRODIKXIQN

As part of a programof supersonicresearchby the Na%ionalAdvisory
Committeefor Aeronautics,the LangleyPilotlessAircraftResearch
Divisionhas made a seriesof flighttestsat its PilotlessAircraft
ResearchStationat WallopsIslandjVs., to imresti~tethe dragat dif-
ferentReynoldsnunihersof a fin-stabilizedparabolic-arcbody of revolu- ,,
tion designatedthe NACARM-10. This investigationis part of a coordi-
natedprogrsmincludingalsotestsof the ssmeconfigurationin various
wind tunnelsin drderto assessthe effectsof Reynoldsnuniberon drag
characteristics.Data fromthe lkwis8- by 6-fotisupersonictunnelare

.,

givenin reference1. The changeof Reynoldsnmiberin the presenttests
was obtainedbyusingmodelsof,identicalconfigurationbut of different
scaleand by boostingthe modelsto obtainvariousaltitude-velocity
relationships.

Reportedhereinare zero-lifttotal-dragdatafor ninemodelsof
the sameconfiguration.Base-dragdatawere obtainedon five of these
models● Five of the modeh were half the scaleof the otherfour,which
are designatedfull-scalemodels. Some of the modelswere used concur-
rentlyfor investigationof heat-transferand boundary-layerphenmuena
at highReynoldsnumbersIn supersonicflow.

The Mach nmiberrangeof the dstapresented.is from approximately
0.85to 3.30for the fdl-scalemodels and 0.90to 3.02 for the half-

scalemodels. The Reynoldsnuniberranges

for the full-scalemodelsand lax l@ to
models. TheseReynoldsnwibersar~ based

were from 14 X 106 to 210 X 10$

110 X l& for the half-scale
on body length.
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SYMBOLS‘

drag coefficient

totaldrag coefficient,based on maximumcross-sectionalarea
of the body (0.@5 sq H for full scaleand 0.1$%sq ft
for half scale)

base:dragcoefficient,based on maximumcross-sectionalarea
of the body

*ter, in.

Mach number

3

maximumMach nmiber

base pressure,lb/sqfi

ambientstatic,pressure,lb/sqft

1+)-PO
base-pressurecoefficient,—

q

@?M311iC pZWSSU?.’e, lb/sqft

Reynoldsnuuiber,based on body
and 6.1 ft for half scale)

thicknessratio

length (1.2.2ft for full scale

MODEISAND TESTS

The ~eneml confiwrationand boo e~tio~ of the test~dels
are given-infigurel.- A photographof the full-scalemodel is shown
in figure2 and photographsof both the full-scaleend half-scalemodels
in launchingpositionare shownin figure3.
.

The bodieshad a parabolic-arcprofilewith the basicparabolic
shapehavinga finenessratioof 15. Cuttingoff the pointedsternat
81.25percentof the full lengthto allowspacefor the rocketjet .c
resultedin an actualbody finenessratioof 12.2. The four stabilizing
finswere eqyallyspacedaroundthe stern. Theirplan formwas untapered

.
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4“ NACA TN 3320

and sweptback600 with a totalaspectratioof 2.04. They had a
10-percent-thickcircular-arccrosssectionnormalto the leadingedge.

. The thicknessratioin the streamwisedirectionwas 5 percent.

The fuU-scale modelhad a body lengthof 12.2feet and a frontal
area,on whichthe drag coef’ficientsare based,of O.‘@S squarefoot.
The half~scalemodelhad a lengthof 6.1 feet and a frcxrtal.area of
o.lg6Sqyarefoti.

The bodies of the modelswere constructedwith spunmagnesiti-al.loy
skinsand the tail cones,to whichthe finswere attached,were con-
structedwith castmagnesiumalloy.

All modelscarriedinternallya sustainermotor;one full-scaleand
aU half-scalemodelsalsoutilizedvariousboosterrocketmotorsto
obtainhighMach nunibers.The rocketmutersused and maximumMach num-
. .-, . . ,------- . . .
Ders reacneaare givenm me rouowmg Taue:

.

Models I %&miner
rocketmotor

Kalf-scale - A

‘Modified
Ealf-scale- B” 3.25-inch

Wrk ~ used
in all models

U-scale - C,D,E

Total
impulse,
lb-see

19,800

1,720

Booster II
Total
impulse,&

rocketmotor lb-see

------------------+2.7I
6.25-iuch
ABL Deacon119”8Mb

3.25-inch
Mark 7 1,720 1.6

5-in@hHYAR
lightweight4,900 2.1

.,

..

The variationof Remolds nuniberwithMach nmiberobtainedin the
tests is shownin figure-k. !l?wocurvesare shownto representthe rela-
tion betweenthe Mach nuniber~“d the Reynoldsnumberfor the full-scale
models;one depictsthe variationfor the uxiboostedmodels1, 2, and 3,
and the secondshowsthe variationfor the boostedmodel4. Thereare
three curvesshownfor the half-scalemodelssinceeach of the threetypes
of boosterrocketsused resultedin a differentaltitude-velocityrelation
dur@g flight. As can be seen,for a gi~n Mach numberthe test Reynolds
nuuibersof the unboostedfull-scalemodelswere approximatelytwicethose
of the half-scalemodels,whereasfor the boostedfull-scalemodel theRey-
noldszumiberswere roughlyequivalentto those of the half-scalemodels.

“
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Data were reducedfor the deceleratingportionof the flighttra-
jectoryafterrocket-motorburnout. Trajectoryand atmosphe&icdata
were obtainedfromthe NACAmodifiedSCR 584 radartrackingunit and by
radiosondeobservat~ons.Velocityand totaldragwere obtaiqedfrcun
the CW Dopplerradarset as describedin reference2. Also,totaldr@
and base dragwere reducedfrom datatelemeteredto a groundreceiving
stationby instrumentationincorporatinga longitudinalaccelerometer
and a pressurecell.

Base pressurewas measuredinsidethe afterbodybetweenthe rocket
nozzleand the skinby an open-endedlnibelocatedin the full-scaleand
half-scalemodelsas shownin figures5 and 6. The annulararea around
the rocketmotorat the base was sealedfromthe forwardpart of the
body to preventinternalair flow. The base-dragcoefficientwas com-
putedas eqpalto the productof the base-pressurecoefficientand the
ratioof the base areato the body frontalarea,which is 0.367. This
computationassumesthat the measuredbase pressureacts overthe entire
area of the base.

,

ACCURACY

Total drag coefficient.-The randomscatterof the datapointsfor
the totaldrag coefficientfor any oriemodel is very small,as can be
seen in figures7 and 8, eventhoughsome differenceis apparentbetween
the resultsof d$fferentmodelsof the same scale. The resultsof models
of the same scaledo, however,determinea mean curveof totaldrag coef-
ficientfromwhichthe maximumdiscrepancyin total drag coefficientat
any supersonicMach numberis +0.008or approximately*3.5 percentfor
the full-scalemodelsand *0.015or approximately*6.5 percentfor the
half-scalemodels. The accuracyof the mean curvesis, however,believed
to be much greaterthanthesemaximumdiscrepancies;the accuracyis
probablyaround*0.005overthe supersonicspeedsfor both the full-scale
and hali’-scalemodels. In the transonicand subsonicspeedsthe accuracy
is smewhat less,probablyabout*0.01.

Base-pressureand base-dragcoefficients.-The frequencyresponse
(ratioof recordedpressureto actualpressure)of the base-pressure
measuringsystem,fromthe eddof the base-pressuretube throughthe
pressureinstrument,was 1 up to frequenciesof approximately3 cycles
per secondand 5 cyclesper sebondfor the full-scaleand half-scale
models,respectively.Sincethe onlyoscillationin base pressurewas
that whichoccurredthroughthe transonicspeedrangeand had a frequency
of approximately1/5 cycleper second,theserelativelylow fregpency
resrionseswere satisfactom. The time-lagconstantfor the pressure
sys%n of both models
numbersinvestigated,

was iessthan 0.000?secopd. At the l&er
the base-pressurecoefficietis.are subject

Mach
to
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ratherhigh systematicerrors,sincethe gpantity~~ - PO) is of the

sameorderof magnitudeas the reliabilityof the telemeteredbase-

pressure-as
()

urements. Althoughthe systematicerrorsin ~ may
base

be large,the scatterof the data indicatesthat for transonicspeedsa

probableaccuracyof *O.03in
$ base()

or, becauseof the area-ratio

‘0.01 in ~.factor,an accuracyof - The probableaccuracyof ~

at M= 2.5 iS *o.003.

Model contours.- The body coordinatesof the test modelswere within
0.020inchof the designvaluesand the surfaceswere smoothand highly
polishedat the time of launching. -es in surfaceconditionsdw to.
heatingduringfli~t are believedto havebeen smallsincethe design
of the modelsis suchas to hold irregularmansions to a qhimum.

RESUUTSAND DISCUSSION

Drag resultsfor the full-scaleand half-scalemodelsare presented
overMach nmiberrangesof 0.85to 3.30and 0.90to 3.02,respectively,
in figures7 and 8. Both totaldrag coefficient~ and base-drag

coefficient~ are based on the maximumbody f%ontalareas. <

Total drag coefficient~ as obtainedfromthe CW Dopplerradar

set is shownto as low a Mach nuuiber(thatis, distanceout) as was
coveredby that instrument.At lowerMach numbers C@ was determined

fromtelemetereddrag-accelerometerdata exceptfor full-scalemodel2
and half-scalemodelsC and D whiche~erienced telemeterfailures.

Good agreementin total drag coefficientis shownin figure7
betweenthe boostedand mboosted fuU-scale models. This agreementin
~, obtainedin tests of greatlydifferentReynoldsnumbers,indicates

that the effectsof Reynoldsnumberchangeat a givenMach nudberon the

drag of this configurationare smalloverthe range40 x 106 to 210 X 106.
The factthat the effeet is smdllis also indicatedby the agreementin
~ of the half-scalemodelswhoseReynoldsnunibersat‘agivenMach num-
ber were also somewhatdifferent.Themean~ curvefor the full-

scalemodelsshowsa maximum ~ of 0.26at Mach numberl.~; the curve

@X decreasesto 0.21-at Mach number2.5 and then decreasesmore
rapidlyto 0.17at Mach nuuiber3.3. The mean curvefor the half-scale
modelsshowsa maximum

%
of 0.25at Mach nuniberl.m; the curve

——.-— —..—. ..
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.

-- decreases to oo19 at Wch number3.0. Measurementsof boundary-
layercharacteristicsmade on the full-scaleconfigurationalso showa
significantdecreasein friction-dragcoefficientwith increasingsuper-
sonicMach number. (Seeref.3.)

The curveof the base-dragcoefficient~ forthefull-scale models,

presentedin figure7, was computedfrcmbase-pressuremeasurementsmade
on onlyonemodel. The base-dragcoefficientsas determinedfromhalf-
scalemodelsA, C, D, and E determinea mean curvewhich showsroughly
the samecharacteristics,althoughthe valuesare lowerthan those of the
singlefull-scalemodel. Both show-amadmum coefficientin the tran-
sonicrangeand a minimumat aboutMach number1.2 for the supersonic
speedrange. As canbe seenfromthe curves,the ~ for the full-

scalemodelhas an averagevalueof app?xxdmatelyO.@ and the half-
scalemean curvehas an averagevalueof approximately0.025. The dif-
ferencesin ~ maybe due to a combinationof threethings: the dif-
ferencein Reynol.lsnumberat a givenMach number,the differencein
internalbase configurations,and the afterburningeffectscharacteristic
of the sustainerrockermotorsused in the models. As can be seenfrom
figures5 and 6, the internalvolumefromthe base forwardto the base-
pressuremeasurementtube containedbetweenthe rocketmotorand the
skin is as much as seventimesas great,relatively,in the full-scale
modelsas in the half-scalemodels. Unpublisheddatahave shownthat
the 3.25-inchMark 7 sustainerrocketmotorused in the half-scalemodels
may have sufficientafterburningto causenoticeablereductionsin base-
drag coefficients.It has been observedthat this sd%erburningmay act
ina mannersimilarto that of a base bleed. Becauseof this possible
afterburningof the 3.25-inchMark 7 rocketmotor,it is believedthat
the base-dragcoefficientobtainedfrcuuthe full-scalemodel is more
representativeof

The measured

was calculatedis

the true base drag.

()
4base-pressure.coefficient ~ from

base
shownfor both full-scaleand half-scale

which ~

modelsin

figure9 alongwith a calculatedcurveof (~~ for full-vacuum
‘ = ‘base

base pressure. Also shownin figure9, for ease of comparison,are the
Reynoldsnumbersat whichthe datafor the base-pressurecoefficients
were obtained.

For ccmprison of the resultsobtainedat differedtReynoldsnum-
bers,arbitrarilyaveragedcurvesof totaldrag and base-dragcoeffi-
cientsfor both the full-scaleand half-scalemodelsare shownin fig-.
ure 10. It can be seenthat the curvesof the totaldrag coefficient
for both modelsare similar;however,the full-scalecurveIs higher
than that of the half-scale-modelsby approximately
sonicrangeto Mach number2.5. BeyondMach number

0.015overthe super-
2.5,the two curves

. . . . . ... —-.—-—_ -.— —.— —.. -— —.— . ~ .— .-— — — ———— —. ..—.



8 NACAk 3320

approacheach otherand reachthe ssmevalueof ~, 0.195,at Mach num-

ber 2.9. A comparisonof the base-dragcurvesagainshowsthe full-scale
valuesto be higherby roughly0.015overthe measuredrangeand also shows
thatthe curvestendto convergeat higherMach”numbers.

Subtractingthe base-dragcurvefromthe total-dkagcurvefor both
groupsof modelsyieldscurvesof total~ of the forebody,including
fins. The comparisonin figure11 of these curves showsthat they are
in goodagreementand indicate>at most, only smalleffecton the forebody
drag due to the Reynoldsnuniberclifferencebetweenthe fti-scale and
half-scaletestsoverthe rangeof Reynoldsnumberscovered. This agree-
ment mightbe expectedfromthe compensatingcharacterof the two probable
majorReynoldsntier effectson body drag,that is, a largerpercen&ge
of laminarboundarylayeron the half-scalemodelsand a loweraverage
turbulentskin-frictioncoefficienton the fl-scale body due to its
higherReynoldsnumbers. Sincethe componentsmakingup forebody-plus-
fin dragwere not measuredindividually,it was impossibleto determine
the effects,if any, of Reynoldsnuniberchangeon these components.

CONCLUSIONS

The supersoniczero-liftdrag of a parabolicbody configurationhas
been measuredon both full-scaleand half-scalemodels. The testReynolds
mmibersof the unboostedfdd.-scalemodelswere approximatelytwicethose
of the half-scalemodels;whereasfor the boostedfuI1-scalemodel,the
Reynoldstiers ware roughlyequivalentto those of the half-scalemodels.
Withinthe limitsof the iuvestigstion,the resultsIndicatedthe
fOllowing:

1. The total-dragcoefficientfor both modelsreacheda maximumat
transonicspeedand graduallydecreasedoverthe entiresupersonicrange,
whereasthe base dragswere a maximumat transonicspeedsand a minimum
at aboutMach nuniber1.2 for the supersonicspeedrangewith rektively
constantvaluesoverthe rest of the supersonicrange.

2. There is, at most, only smalleffecton total-dragcoefficient
of the NACARM-10 configurationat a givenMach nuniberdue specifically

to reductionsin Reynoldsnumber,based on body length,of 20 X ld to

120 X 106 overthe ReynoldsznmiberrangefromkO x 106 to 210 x lC$.

3. The base-dragcoefficientof the half-scalemodelswas 25 to
50 percentlowerthanthat of the full-scalemodel. !I!hisdifferencemay
be due to a coribinationof threethings: the differencein Reynoldsnum-
ber at a givenMach number,.the differencein the internal.base configu-
rationsbetweenthe fall-scaleand half-scalemodels,and the af%erburning” .

.—— . . -— . —. . -—. . .
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effectscharacteristicof the sustainerrocketmotorsused in the models.
It is believedthat,becauseof possibleafterburningeffectson the base
dragof the half-scalemodel,the base-dragcoefficientof the full-scale
model is more representativeof the true base drag.

4. The differencein base-dragcoefficientswouldaccountforprac-
ticallysJJ the differencein the totaldrag coefficientsof the two
models;thus,effectof Reynoldsnuuiberchangeon the forebodydrag coef-
ficientat a givenMach numberis smallin the Reynoldsnuuiberrangeof
thesetests.

.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteefor Aeronautics,

IangleyField,Va.,August4, 1~0.

“

.
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Figure9.- Comparisonof base-~essure coefficientfor the full-scale
and half-scalemodelswith correspondingReynoldsnrsiber.
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Figure10.- Comparisonof totaldrag and base-dragcoefficientsfor the
full-scaleand half-scalemodels.
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